Peripheral vascular disease is the result of chronic vascular insufficiency. As the vascular insufficiency of the lower limbs progressively deteriorates, the condition progresses from intermittent claudication (pain upon exercise) to pain at rest and gangrene. In very severe cases amputation of the leg may be necessary. Whilst dieting, cessation of smoking and physical exercise all beneficially affect the progression of the disorder, the available drug therapy is of limited benefit. Very effective pharmacological agents capable of alleviating the symptoms of chronic peripheral vascular disease have not been developed. In order to mimic the vascular insufficiency of intermittent claudication, an animal model was developed in rats. This involves short-term and long-term 6-10 weeks ligation of the femoral artery of the rat. As demonstrated using measurements of hindlimb skeletal muscle, blood flow, P02' metabolism and function, a model of intermittent claudication was produced. Using this model, the beneficial effects of physical training was demonstrated. Physical training induced an increase in blood flow and a greater capacity for aerobic metabolism in the partially ischaemic skeletal muscle. The effect of vasodilators has also been examined in this model; in contrast to agents such as Ca 2 + antagonists, K+ channel openers appear to improve nutritional blood flow and metabolism in the afflicted skeletal muscle. This model can also be utilized to demonstrate the effects of haemorrheological interventions and of agents modulating muscle metabolism. However, additional effort is required to develop models for the evaluation of efficacy of antiatherothrombotic drugs.
Introduction
Peripheral arterial disease of the lower limbs is a common condition caused by slowly progressive atherosclerosis often complicated by thromboembolic events."? Clinical manifestations include chronic arterial insufficiency of a leg artery. resulting in intermittent claudication. progressing in more severe forms of the disorder to pain at rest. ulceration and gangrene. In severe cases leg amputation may be necessary. but this is a relatively uncommon event (approximately 5% of cases). Peripheral vascular disease is often accompanied by atherothrombotic disorders in the Coronary or cerebral vasculature.' Accordingly. optimal therapy should not only be associated with relief of the symptoms of peripheral vascular disease. but also at the attenuation of the progressive atherosclerosis. Prevention of progression of atherosclerosis can be accomplished by control of risk factors such as diabetes. hypertension and cigarette smoking whilst a programme of daily physical exercise can increase walking distance in patients with intermittent claudication." Peripheral vascular insufficiency can be acutely ameliorated by surgical procedures such as vascular reconstruction. angioplasty or stents, thrombolytic therapy or antithrombotic agents (anticoagulants and anti-anticoagulant and antiplatelet agents are required to attenuate reocclusion and restenosis following angioplasty.
Considerable effort has been expended in the search for effective drug therapy for chronic peripheral vascular disease. Effective vasodilator therapy has not been developed. Agents such as pentoxifylline, have been extensively utilized. Originally developed as a vasodilator," this agent was subsequently reclassified as a rheological agent.v? Ketanserin has also been extensively investigated for a beneficial effect on walking distance. but in the largest trial (PACK) an improvement in walking distance was not observed. 10 Iloprost, a stable prostacyclin analogue has recently been introduced for the treatment of peripheral vascular disease on the basis of vasodilator activity and an ability to reduce reperfusion-induced tissue necrosis.t":!' The clinical efficacy of drugs in ameliorating the symptoms and progression of chronic peripheral vascular disease is controversial.
Peripheral vascular insufficiency results when blood flow fails to meet the metabolic demand of peripheral tissues including lower limb skeletal muscle. Intermittent claudication occurs when the inadequacy of nutritional supply becomes apparent during exercise. Pain at rest and gangrene characterize the more advanced stage of the disease as the nutritional supply becomes progressively reduced. Studies in patients with intermittent claudication have characterized the nutritional deficiency in terms of the reduction in restin~skeletal muscle blood flow. pH and p 02' Although resting skeletal muscle blood flow is only moderately reduced in the skeletal muscle of claudicants (39%).14 the p02 (13 torr)" and pH (0.08 pH units)!" are reduced. The concentrations of lactate, creatine phosphate and glycogen are unchanged, but ATP levels are reduced in the lower limb muscle of claudicants." Studies using 3 IP_NMR (nuclear magnetic resonance) have demonstrated a reduced rate of recovery of creatine phosphate levels in the calf muscle of patients with occlusive arterial disease, following a period of ischaemic exercise. IS Although the blood flow to the resting lower limb skeletal muscle of claudicants often remains sufficient to maintain the metabolic status, the vascular insufficiency is very apparent during exercise. The exercise-induced hyperaemia in the gastrocnemius muscle of, claudicants is dramatically reduced.
In order to mimic the vascular insufficiency found in intermittent claudication, an animal model was developed in rats. This model, developed by several groups, 19-22 involves partial or complete and short-term or long-term ligation of the femoral arteries of rats. To characterize this animal model Angersbach et al'? evaluated the effect of short-term and long-term femoral artery ligation on rat calf muscle oxygen tension (p02), blood flow, metabolism and function.
The beneficial effects of physical training (PT) in peripheral vascular disease are incompletely understood. It is probably partly due to an improved or more dexterous walking technique, protecting the poorly perfused areas of skeletal muscleY·24 However, PT is also of direct benefit to ischaemic skeletal muscle. An increase in collateral blood flow, an improved distribution of blood flow, because of an increased capillary density6. 23 and an increased activity of the enzymes of aerobic metabolism are possible mechanisms for the therapeutic effect of PT. 25 To aid the clarification of the mechanism behind the beneficial effect of PT in patients with intermittent claudication, experiments have been performed to examine the effect of physical training on rat calf muscle P02' blood flow metabolism and function in this animal modeI.2o. 21.26 Vasodilators are not believed to offer effective therapy for peripheral vascular disease;27-29 nevertheless, relatively few data are available describing the effects of vasodilators in animal models of peripheral vascular disease. Using the femoral artery ligated rat model, the effects of Ca 2 + antagonists, hydralazine and K+ channel openers have been examined on gastrocnemius muscle blood flow, p02 and metabolic status.:" In a further series of experiments, the effect of K+ channel openers was examined on blood supply to the chronically ischaemic muscle and on the recovery state of creatine phosphate levels, following an acute period of skeletal muscle ischaemia."
Summary of methods utilized
Femoral arteries were ligated in the vicinity of the superior circumflex iliac artery under ether or hexobarbital anaesthesia, I day to 12 weeks prior to the experiments. Following arterial ligation and prior to experimentation, the animals were returned to their holding cages. Skeletal muscle P02' blood flow, fatigue pH and metabolic status were subsequently determined in thiopental anaesthetized rats. Blood was obtained for the rheological studies from animals anaesthetized with ether. '9. 26 In experiments examining the effects of physical training, animals underwent PT 5 days a week for 4 weeks on Vascular Medicine 1996; 1: 43-49 a treadmill. The training programme for the animals with ligated femoral arteries was initiated 2 weeks after arterial occlusion. The treadmill was always at an angle of 8°whilst the running speed and duration of daily training were gradually increased. Initially training was performed for 60 min daily in two sessions at 18 mlmin. After 28 days the animals ran for 120 min/day in two sessions, morning and afternoon, at 34 mlmin. If it was observed that an animal was experiencing difficulties, it was removed from the treadmill for a rest period. During the final week of the training period, animals without femoral artery ligations ran for 60 min without rest; animals with ligated femoral arteries required infrequent rests (two to three per session) of short (2 min) duration." The effects of PT in rats with partially ligated femoral arteries have also been investigated by Mathien and Terjung. 20.21 Gastrocnemius muscle p02 was measured using the multiwire surface electrodes described by Kessler and Lubbers.P The electrode was placed on the medial head of the muscle and balanced so that the pressure exerted was reduced to a minimum. To obtain oxygen tension histograms, the electrode was displaced sideways IS times in steps of 0.1-0.2 mm every 40-60 s. The p02 determinations were performed in rats without a femoral artery ligation and in animals I day, 6 weeks and 10 weeks following femoral artery ligation. Compound effects on muscle p02 were only examined in animals with a femoral artery ligation. Oxygen tension histograms were recorded from each muscle before and after compound administration. After drug administration, muscle p02 was recorded continuously; the p02 histogram was obtained when stable effects on tissue p02 and blood pressure were registered. Care was taken that blood pressure remained constant during the recording of the p02 histogram. Cumulative p02 histograms were calculated before and after compound administration. These histograms were constructed by adding together the frequency of p02 values in successive classes (class width: 5 torr). 19.30.33 The blood flow of the medial head of resting and electrically stimulated gastrocnemius muscle was measured using the I33Xe washout technique.l" Exercise hyperaemia was measured in muscles under a standard resting tension which were electrically stimulated, via the sciatic nerve. The muscles were stimulated, for 5 min, 8 min after injection of I33Xe. Muscle blood flow was thus monitored before, as well as during and after, the period of electrical stimulation. Stimulation parameters and the resting tension were chosen from preliminary experiments such as to allow a clear demonstration of muscle hyperaemia in unligated rats. 19.34 In some experiments the flux (number x velocity) of blood cells in the illuminated volume of muscle." was measured using a laser Doppler flowmeter. Details of the methodology and the reliability of the method as an indicator of changes in muscle blood flow have been published previously." Drug effects on muscle blood cell flux were measured in animals with and without a femoral artery ligation. In control experiments, in which no compound was given, muscle blood cell flux was stable for at least 2 h. Effects on muscle blood cell flux were registered when the blood pressure had stabilized after compound administration. The first dose was given 45-60 min after animal preparation and subsequent doses administered at intervals of 3~5 min.
Only one agent was given to each animal. In some experiments, muscle blood cell flux was recorded simultaneously in a ligated hindlimb and in the contralateral non-ligated limb.'? Interstitial gastrocnemius muscle pH was measured as described by Steinhagen et aI. 36 The muscle pH was determined in animals without a femoral artery ligation and in groups of rats I day, 6 weeks and 10 weeks after the ligation.
The apparent viscosity of sodium citrate anticoagulated whole blood withdrawn from the vena cava, and plasma obtained by centrifugation, was measured using a Contraves low shear 30 viscometer. Blood was obtained from intact control rats and from femoral artery ligated and sham ligated rats at various time intervals following surgery. The haematocrit was determined by centrifugation and the fibrinogen assayed according to Burmester et aP7 on samples of plasma stored frozen. The measurements were performed with control sham ligated and groups of femoral artery ligated rats."
To measure tension developed in the gastrocnemius/plantaris muscle, the rat was laid prone on the operating table and one hindlimb fixed rigidly in a horizontal position by means of a clamp on the tibia. The skin was removed from the calf and threads were tied around the tendons of the gastrocnemius/plantaris muscle. The gastrocnemius/plantaris muscle tendon was then cut and' attached by the thread to an isometric transducer. The muscle which was continuously superfused with isotonic saline was put under a standard resting tension. Recordings of developed tension were obtained by electrically stimulating the muscle, via the sciatic nerve, using bipolar stimulating electrodes. At the end of the stimulation period, the middle section of the stimulated and the contralateral, rested, gastrocnemius/plantaris muscle was freeze-clamped in situ and stored in liquid nitrogen until metabolic profiles were determined. For analysis, the frozen samples were pulverized in a liquid nitrogen cooled microdismembrator and creatine phosphate, ATP and lactate concentrations were determined according to Bergmever;" glycogen was determined as described by Harris et al. 39 The activities of citrate synthase, glyceraldehyde-phosphate dehydrogenase, 3-hydroxyacyl-CoA-dehydrogenase and 3-ketoacid-CoA-transferase were determined according to Reichmann et al. 40 The measurements of muscle fatigue, metabolite levels and enzyme activities were performed in groups of rats without a femoral artery ligation and I day and 3, 6 and 10 weeks after femoral artery ligation.":"
Characterization of the model

Muscle blood flow and p02
The resting gastrocnemius muscle pOz and blood flow were reduced by femoral artery ligation. The most severe reductions being measured in the short-term ligated rats. However, even 10 weeks after the arterial ligation the resting muscle pOz and blood flow were still below. t~eir Control values. The resting blood flow values were similar 6 and 10 weeks after the ligation, whereas pOz values after 6 weeks were lower and less homogeneous than at 10 weeks after ligation. Exercise-induced hyperaemia was markedly attenuated acutely after the femoral artery lig-Vascular Medicine 1996; 1: [43] [44] [45] [46] [47] [48] [49] Animal models of peripheral vascular disease 45 ation. Again there was a progressive recovery with time, but even after 12 weeks the maximal exercise-induced hyperaemia remained depressed. The time to peak blood flow after initiation of exercise was prolonged in both shortand long-term ligated animals.
Haemorrheology
The plasma fibrinogen concentration and apparent and relative whole blood and plasma viscosities increased following surgery; 1-2 weeks after surgery the whole blood and plasma viscosities returned to control levels. At longer time intervals after surgery, the blood viscosity in ligated and sham-ligated animals was low. compared to controls. This was associated with low plasma viscosity, despite normal fibrinogen concentration, and low hematocrit.
Skeletal muscle fatigue
Femoral artery ligation reduced the ability of the muscle to maintain developed force, the fatigue which developed over a lO-min period of isometric exercise being significantly increased. The effect was greatest on day I with some recovery being apparent after 3 weeks.
Skeletal muscle metabolic status Following arterial ligation, the concentration of highenergy phosphates in the muscle at rest was reduced; the values were still lower 3 weeks after ligation and returned to control values at 6 weeks. The resting muscle lactate concentration was elevated only I day after the ligation. In contrast, the interstitial muscle pH remained depressed for at least 6 weeks. At the end of isometric exercise, muscle creatine phosphate and ATP concentrations were significantly lower and lactate concentration significantly higher in the short-term ligated animals than in the control unligated animals. The magnitude of the exercise-induced changes in these values diminished with time after arterial ligation. However, the postexercise muscle lactate concentration was still greater and the ATP concentration lower 10 weeks after femoral arterial ligation. The muscle fatigue and postexercise lactate concentration were correlated. Both increased I day after the arterial ligation and although there was a recovery of 3 weeks after the ligation, no further significant recovery ensued in either parameter over the following 7 weeks.
Three weeks after arterial ligation the muscle activity of citrate synthase, 3-hydroxyacyl-CoA-dehydrogenase and 3ketoacid-CoA-transferase was significantly reduced compared to controls. At shorter or longer time Intervals after the ligation the activities of these enzymes in the muscle were not significantly different to control. The activity of glyceraldehyde-phosphate dehydrogenase was not significantly affected by the femoral artery ligation.
The effects of physical training
In animals without a femoral artery ligation, PT affected neither the resting muscle mean pOz, nor the flux of blood cells. The PT programme did, however, cause an increase in the activity of citrate synthase and a reduced muscle fatigue. The activity of glyceraldehyde-phosphate dehydrogenase was reduced and the mean time to maximum twitch tension tended to increase; however, these effects did not reach the level of statistical significance. Physical training had no significant effect on the immediate postexercise con-centration of creatine phosphate, ATP, lactate or glycogen in the gastrocnemius/plantaris muscle of unligated animals.
In animals with ligated femoral arteries, PT increased resting muscle p02 and blood cell flux. As in the control animals, the activity of citrate synthase in the muscles was increased following PT. In rats with ligated femoral arteries, in contrast to the control animals, there was a significant decrease in glyceraldehyde-phosphate dehydrogenase activity in the muscle. In these animals, PT induced a reduction in muscle fatigue.
The immediate postexercise muscle concentrations of ATP and glycogen were greater in the trained rats with ligated femoral arteries than in their untrained counterparts; however, PT had no significant effect on postexercise muscle concentrations of creatine phosphate and lactate.
The effects of vasodilators Ca 2 + antagonists produce a marked increase in resting skeletal muscle blood flow; in contrast K+ channel openers had little effect. In femoral artery ligated animals, Ca 2 + antagonists and hydralazine did not consistently enhance muscle blood cell flux and at some doses a reduction occurred. In contrast, cromakalim, pinacidil and nicorandil produced a dose-dependent and marked increase in muscle blood cell flux in the femoral artery ligated animals. There was no significant difference in the precompound mean arterial blood pressure and mean muscle blood cell flux between the groups of non-ligated and ligated animals.
The Ca 2 + antagonists and hydralazine either had no significant effect (hydralazine, nifedipine and verapamil) or reduced (diltiazem) the mean p02 of the already hypoxic muscle. At a dose which produced a similar fall in arterial blood pressure, cromakalim, pinacidil and nicorandil increased the p02 of the hypoxic muscle. There was no significant difference in the precompound mean arterial blood pressure between the different groups.
Discussion
Complete femoral artery ligation reduces the p02 and blood flow of resting gastrocnemius muscle as well as the magnitude of the exercise-induced hyperaemia.P''v" The partial recovery of muscle blood flow and p02 during the weeks following the arterial ligation is probably due to the enhanced collateral circulation which develops as a consequence of prolonged muscle ischaemia in both animals 19,42,43 and man. 44, 45 The greater homogeneity and mean of the muscle p02 values at 10 weeks compared with 6 weeks after. ligation indicates that the homogeneity of nutritional blood flow increases in the muscles following long-term ligation.
In contrast to the short-term femoral artery ligated rats, in the long-term ligated animal the increased muscle blood flow was sufficient to ensure a recovery in the rate of aerobic metabolism and normalization of high-energy phosphate levels. After femoral artery ligation, certain muscle areas have oxygen tensions below the critical threshold at which aerobic metabolism is restricted. At 6 and 10 weeks after the ligation such extremely low p02 values were not recorded, indicating that under resting conditions the oxygen supply to the muscle is sufficient.
During ischaemia, glycolysis increases in muscle to com-Vascular Medicine 1996; 1: [43] [44] [45] [46] [47] [48] [49] pensate for the decline in aerobic metabolism.!? Following femoral artery ligation the fall in gastrocnemius blood flow and p02 is great enough to have severe consequences on tissue pH and lactate concentrations. These effects may be due to an attenuation of oxidative phosphorylation with an increase in glycolysis and lactate production, to a decrease in lactate removal from the muscle, because of the reduced blood flow, or to a combination of these factors. However, because glucose utilization in rat hindlimb skeletal muscle increases following femoral artery ligation." glycolysis can increase without an associated decrease in muscle glycogen levels. The partial recovery in muscle p02 and blood flow occurring 6 weeks after the ligation results in a near normalization of the muscle metabolite profile at' rest. The recovery in blood flow and oxygen supply with time following arterial ligation ensures a normalization in muscle lactate concentration and an increase towards normal in pH. The increase in whole blood viscosity acutely following surgery can be explained by the elevated plasma fibrinogen concentration. An increase in plasma fibrinogen, which occurs in man postsurgery and in intermittent claudication,"? causes an enhancement of erythrocyte aggregation, microcirculatory flow inhomogeneities and localized reductions in skeletal muscle P02. 48 The partial recovery in rat gastrocnemius muscle p02after long-term arterial obstruction may thus not be solely due to growth of collateral blood vessels, but also to an improvement in the distribution of microcirculatory blood flow. Pentoxifylline, which albeit at high concentrations does possess rheological activity, produces a moderate increase in gastrocnemius muscle p02 in this model (unpublished information).
The transient reduction in mitochondrial enzyme activities 3 weeks after arterial ligation resembles that found in the lower limb skeletal muscles of claudicants.Iv'? This reduction in enzyme activity is probably due to the diminution in physical activity caused by the arterial ligation. Reduced muscle work causes a diminution in enzyme activity in the skeletal muscle of rats (Nicholson and Wilke, unpublished results) and some claudicants.!? A reduced muscle oxygen supply may be the stimulus for the increased activity of mitochondrial enzymes in these patients. 50-52 The increased activity of the enzymes of oxidative metabolism in the stimulated muscles of iliac artery ligated animals is accompanied by increased resting muscle glycogen and decreased resting muscle ATP levels. These changes are probably due to a coupling between the adaptive changes in enzyme activities and muscle metabolite content. In our study in sedentary rats, similar changes in the activity of the oxidative enzymes and in the resting muscle glycogen were not observed.
Muscle fatigue is closely related to the decrease in muscle pH in fast twitch skeletal muscle.P The reduced fatigue of the muscles of the long-term ligated animals can be ascribed to the increase in exercise-induced hyperaemia. This ensures an increased oxygen supply to the muscle, a reduction in glycolysis and an enhanced rate of washout of lactate and other metabolic waste products. The increased hyperaemia, in the long-term ligated rats, is most likely due to the enhanced collateral and capillary circulation. This vascular reserve is not used at rest, despite a reduced resting muscle blood flow, probably because the oxygen supply to these muscles is sufficient to maintain their metabolic status. The major cause of hyperaemia is believed to be release of different metabolites.
Physical training in femoral artery ligated rats
In animals without ligated femoral arteries, the PT programme did not induce marked changes in the gastrocnemius/plantaris muscles, indicating that the PT programme was short and of only moderate intensity for these animals.
A particularly interesting finding is that, in the animals with femoral artery ligation, PT induces more dramatic changes in the skeletal muscle. 2D.26 Similar exercise and training during graded leg ischaemia in healthy man produces much greater adaptive responses in the lower limb skeletal muscle than non-ischaemic training of the same intensity.V The PT-induced transformation of the muscle enzyme profile was apparent not only because of the increase in the activity of the marker enzyme for aerobic respiration, citrate synthase, but also because of a significant reduction in the activity of the marker enzyme for glycolysis, glyceraldehyde-phosphate dehydrogenase. Concomitantly, there was a significant slowing of the twitch time to peak tension and a reduction in muscle fatigue which can again be ascribed to the increased activity of the enzymes of oxidative metabolism in the muscle.
The greater postexercise muscle ATP and glycogen concentrations in trained compared with untrained animals with a femoral artery ligation can be attributed either to a PT-induced increase in the oxidation of fats or to an elevation by PT in the resting muscle concentrations of glycogen and ATP. An increase in resting skeletal muscle glycogen levels is produced by iliac artery ligation and intermittent electrical stimulation. It is noteworthy that there was a trend towards an increase in postexercise muscle glycogen levels following physical training in the control group of rats; however, this did not reach the level of statistical significance. This again indicates that the PT programme induced greater metabolic modification in the animals with a femoral artery ligation than in control animals." PT increases the capillary density and collateral capacity to hindlimb musculature with restricted blood flOW. 42 The increased muscle p02 and blood cell flux observed in the present study in the gastrocnemius muscle of the underperfused hindlimbs could be due to such an increase in capillary density and in arterial inflow. Elander et al 54 and Mathien and Terjung'" demonstrated that PT produces an increase in blood flow to fast twitch white skeletal muscle fibres in femoral artery ligated rats. The present study demonstrates that an essentially similar PT programme to that used by Elander et al induces more marked changes in the muscles of hindlimbs with ligated femoral artery than in the muscles of hindlimbs with an uninterrupted blood supply. The discovery of novel drugs capable of inducing PT-like changes in skeletal muscle is potentially a source of valuable therapeutic agents. K+ channel openers on peripheral vascular disease K+ channel openers, in contrast to other vasodilators (such as Ca 2 + antagonists, hydralazine and ketanserin), selectively increase nutritional blood flow in ischaemic skeletal muscle. IS • 3D Additional studies have examined the effect of K+ channel openers on creatine phosphate recovery rates in the Vascular Medicine 1996; 1: [43] [44] [45] [46] [47] [48] [49] Animal models of peripheral vascular disease 47 hindlimb of rats following tourniquet-induced ischaemia in rats with chronically ligated femoral arteries. The recovery rate of creatine phosphate in these animals is reduced in comparison with the rate in the hindlimb of rats without a femoral artery ligation. K+ channel openers, in contrast to Ca 2 + antagonists enhance the rate of recovery of creatine phosphate levels. IS In addition, the K+ channel openers have been demonstrated to enhance blood flow to the partially ischaemic hindlimb skeletal muscle of the cat. IS The beneficial effects of K+ channel openers in these animal studies have been postulated to be due to a selective dilatation of collateral blood vessels; this may also explain the cardioprotective effects of K+ channel openers during coronary ischaemia. [53] [54] [55] [56] 
Summary and comparison of femoral artery ligation with peripheral vascular disease
The vascular insufficiency of the lower limb skeletal muscle of patients with intermittent claudication is most closely imitated in the gastrocnemius muscle of rats 6-10 weeks after femoral artery ligation. At this time, the reduction in rat gastrocnemius muscle blood flow, pH and p02 is similar to that in the gastrocnemius muscle of claudicants. Furthermore, the concentrations of lactate, creatine phosphate and glycogen are unchanged in the lower limb skeletal muscle of claudicants and in the long-term ligated rat gastrocnemius/plantaris muscle. ATP levels, however, are reduced in the lower limb muscle of claudicants but not in chronically ischaemic rat muscles. As in the present animal model, the vascular insufficiency of claudicants is most pronounced upon exercise. The long-term ligated animal is a more suitable model than the short-term ligated animal of the vascular insufficiency of the lower limb skeletal muscle of claudicants not only at rest but also during exercise.
Using the femoral artery ligated rat model of peripheral vascular disease, it has been possible to demonstrate both the beneficial effects of PT on the nutritional supply to the skeletal muscle, as well as on mitochondrial respiratory activity. The model has suggested that K+ channel openers may have clinically useful effects on resting skeletal muscle blood flow and energy stores in intermittent claudication. Potentially, this model could also be used to evaluate the effects of haemorrheological interventions on skeletal muscle microcirculatory blood flow and has been used to investigate the effects of agents, such as propionylcarnitine, which have been claimed to improve oxidative phosphorylarion." The model does, however, suffer from the fact that the vascular insufficiency is caused by an abrupt interruption of blood .flow through normal arteries. Further developments could involve the production of hindlimb ischaemia by induction of atherothrombus, including adaptation of models such as the photochemically induced thrombosis odel in femoral. artery" or the model of angioplastyinduced thrombus 10 femoral arteries of dogs. 58 These models would allow the evaluation of the potentially beneficial effects of antiatherothrombotic agents on skeletal muscle nutriti~n and fu~ct~on in an animal model of peripheral vascular disease. It IS 10 the development of effective antiather-othrombotic therapy that future generations of more effective therapy for peripheral vascular disease may lie.
